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ABSI RACT 


During the D)75. Id7(i. and D>77 North Atlantie hurrieane seasons. NOAA’s National l-nv iron- 
mental Satellite Serviee (NI SS) and NASA’s (Joddard Spaee blight Center (CSI'C) eondiieted 
a eooperative program to determine the optimum resolution and frequeney of satellite images 
lor deriving winds to study and loreeast trojiical eyelones. Rapid sean images were obtaineil 
in D>75 at 7.5 ntuuite interval from SMS-2 for hurrieane I loise on 22 Septemlx*r and of tropi- 
eal eyelone Caroline on 2S. 2d. and 30 August, in ld7P at 3 minute intervals from tlOl S-1 
for iropieal storms Belle on 5 August and lh>llv on 25 Oetober;and in ld77 at 3 minute inter- 
val from COI S-1 lor tropieal eyelone Anita on 30 and 31 August and 1 September. CUnid 
motions were derived from these images using the .Xtmospherie aiul Oeeanographie Information 
I’roeessing .Sv stem ( A()lPS)at CiSI C. Winds that were derived from the movement of upper 
(approximately 200 mb) and lower tropospherie (apiuoximatelv ‘>00 nib) level elouds using 
rapid sean data were eompared with the 15 and 30 minute interval data. This was clone using 
visible images having 1, 2. 4 and S km resolution for the areas within b50 km of file storm 
eenter for the 1^75 and 1 d7p tropieal eyelones. (iioatei than 10 (5) times as main elouds j 


could Iv tracked to obtain winds at both levels usinn 3 and 7,5 minute rapid scan images as 
when using 30 ( 15 minute) minute interval images. In addition, by usim: the frequent images, 
it was possible to track a few bright areas within the central dense overcast which appeared to 
be moving wi'.li the wimls at low levels, l or hurricanes Moise and C'an>line the winds that 
were derived by tracking these bright areas within the central dense overcast had speeds dif- 
fering in the mean of only 2.5 m sec from the w'ind speed measured by aircraft Hying at api^rox- 
imately .5 km above the surface in the same quadrant 4 hours later. I'ull resolution visible 
images ( 1 km) were needed to track slow moving low level cloud elements, since i>n a degraded 
resolution image, subpivel movement would introduce additive inaccuracies to the wind 
measurements. 

R.qhd scan full resolution (iOl'S-1 data for tropical cyclone .Anita ( 1*^)77) provided repre- 
sentative wind fields only outside the central dense overcast at the lower tropospheric level, 
l or this area, aircraft measured wind speeds differed in the mean again by onh 2.5 m sec. 
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Till BI NI I ITS ()l USINC; SIIOKT 
INTI RVAL SATI l l.n i: IMAGI S K) 1)1 RIVI WiNDS 
I OR TROIMCAL ( Va.ONI S 


1. INTRODUniON 

The destriiciioM caused hy tropical cyclones afTectinp tlie United States has increased at an 
alarming rate. In the decade from I‘)65-74. tlie average annual cost from tropical cyclone 
damage was d times greater, even after adjustments for inllation than during the decade from 
1 d 1 5-24 (('.entry 1 %h). Hy contrast the loss of life caused hy tropical c\ clones decreased 
considerahly after 1435 with the improvement of the wartiing service. 

It is a Common Ivlief that improving the warning services reiiuires improved numerical- 
dynamical models for forecasting hurricane motion and intensitv and a better knowledge of the 
initial meteorological parameters. In particular, the initial wind data at several levels from the 
surface to the lower stratosphere extending outwards from the center to include the environ- 
ment of the tropical cyclone are needed. I Isberry ( 1477) stateil that the poor results in fore- 
casting the translation sjved from the coarse-grid version of his tropical cyclone prediction 
model was attributable to the ileficiency of wiiul data for the initial field. Hlslvrry also noted 
that adihtional wind data are not only needed around the tropical cyclone center l>ut withi i 
the surrounding cloud system out to approximately oOO km from the center.* In addition 
llovermale and l ive/cy ( 1477) showed that the introduction of a more realistic outer circu- 
lation (300 to 1 100 km from the center) to their modeled spin up storm would reduce their 
vector position errors. I'or the !47(i Atlantic tropical cyclone seasi>n. the vector position 
errors for the 3(i and 48 hour forecasts increased hy approximately a factor of 3 for storms 
over data void ocean areas as compared to storms nearei to coastal stations. 


^I’erw'nal Communication 1477 
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n.ita vHilsivic oOO km I'roin iIk' ccntor aiv iisualK 4>blauu\l from radu'soiulo nol«orks, trans- 
oooanio aircraft IlijilUs anJ from cloiut motion wnul anaKsis at appro\mutol\ iho mb 
amt 'iXt mb love! obtaincil from o|vrational scanning gcos\ nchronons s.itcllilcs. Within tlic 
trv>pical cyclono cloiut s\stcms the only real smirce of wnul vlata is the hurricane reconnais- 
S.11KY aircraft tlights. llowe\er. the quantit\ of wnul data obtained from these tlights u not 
sutTicient for these luimericaUh namical nuulels and m fact, the teiulencN in u'cent \ears 
is to reduce the quantiiN In deceasing the number of flights. Iherefou'. there is a great 
need to obtain additional wind data funn another sourv.v. 

An excellent souu'e for the upper troposphere has been the motum of clouds tracked with 
successixe infrared and \isible images obtained operationalh frv'tii the faniih of geos\ nchronous 
satellites at approximateU minute intervals However, less success has been found using 
cloud tracking to optain winds at lower levels near tropical storms. (,)iie reason for the lack 
of success IS that iiianv o\ the clouds of the tvpe and si/e Ivst suited for tracers at low levels 
dvv not pei^ist or maintain their identifiabilifv foi .U) minutes. I'his has K'en ob'^eived bv 
iiianv previous investigators, for example, 1 u.iita ct j/ t obsened that the inctease in 

spatial resolution is tun as im|vrtant as greater tempoial resolutu'ii. Hie autlu'is pointed 
out that cumulus plumes less than km in diameter have unsteadv updratts and are pv'ot 
tracers because ihev do not move with the ambient i1ovv. On the other hand, ‘Vumulus 
tiiruMs” vvitii hon/ontal dimensu'tis of to km are found tv> Iv better targets Kv.uise 
their steadier and weaker updrafts allow them to move with ambient flow. However. tlKue 
clouvls were short lived and theuM'ore need to be observed more often if to Iv used as traceis. 
.\nothei problem in tracking low level clouds within the auM of the tiopical cvcione cloud 
svstem is that the cirrus .iss»viated with the storm ».»ften v'bsv'ua's the low level clouds 
Hierelou'. in order to supplv the numerical-dv namical nuxlels with addiiioiial cloud derived 
low level winds within the troi'ical c\ cK'ne cloiui svstem. more livvjueiit obsi’tvations from 
the gv'visv nchronous satellite should be v'bt.iined 



To uril'y this h\ |X)thosis, tho National Aoronaiitics aiul Space Adininistratioi; (NASA)aiul 
the National Oceanic and Atmosplieric Administration (NOAA) initiated a cooperative project 
to use rapid scan satellite ima}*er\ to obtain more wind data in tropical cyclones durinj: the 
l‘)75- 1^)77 hurricane s».*asons. Fhe jiails of the pnnect were to obtain more winds needed by 
the hurricane a'sc'archers tincludinj: models) and forecasters and to determine the optimum 
space and temporal resolution of the jieosynchronous s;itellite data used to derived winds, 
l imited s*.\m visible and infrared imapes weie obtained at 7..s minute intervals from the Sv n- 
chroiunis Metei>rolopical Satellite (SMS-') m 0^75 and at 3 minute intervals from tlie (ieo- 
stationary Operational I nvinvnmental Satellite ((iOl S-l ) during the l‘)7(> and l‘>-7 tropical 
cv clone si\ison for a few houiN on selected tropical cv clone days. I'liesi* were for tropical 
cyclones I loisc (22 Scptcmbei OH.s), (.'arolinc (2S. 2^. oO August h>7.>t. Hclle (5 \ugust 
Onp). Holly (2(> October l‘>7(Oand Anita (oO and .O August and 1 September 1‘)''7). Wiiuls 
were obtrdned at the lower and upper tr^ipospheric levels. 
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riu* hspothesis that cumulus and cirrus cloud translation approximates the speed and direc- 
tion ot the ambient !lo\s at the cloud bxse level has lx‘en tested usin^ aircralt obsersations 
in the trade vviud retttme o\er ocean areas tHasler, «*/ ul I Mo\ement ot‘ cumulus clouds 
3 to 15 kill in diameter with Kiss's at ^r*0 mb and tops at oOO to "*00 mb had a \ector dif- 
ference from the ambient tlow at cloud base b\ 1.3 m sec *. The axerajic difference found 
between a limited number of cirrus clouds and the ambient How within the cloud la\er was 
1.0 m sec • . 

llie clouds for the fi\e tropical c\clonc> were tracked on NAS A's Atmospheric and tNeaiU'- 
jtraphic Information Procevsinjt S\ stem t AOIl'S) using a series of infrared or \ isible SMS-2 
S-1 s.itelhte digitized images tHilliMgsle\ . 1^'oV This s\stem allows a user to inter- 
acti\el\ niv'difs digital images and to displa\ the results on a telesision monitor through 
utilization of a computer softwaa* package called the Meteorological lAita Trocessing Package 
tMl 1 P.AKk To ack cKnids using the Ml 1 P.AK software, a seiii.ence of images at a gnen 
tunc inter! al must fust K* a'gistered b\ aligning recognizable land features in each image. \ 
correction is made for iniag^* distortion caused b\ the satellites oscilLiting orbit motion and 
the axes not being parallel to the earth's orbit 1‘lie a'cognizable land feature is eartli located 

b> utilizing a na\igation algonthm adapted from the Tni\eisit\ of W isconsin’s MelO AS naw- 

# 

gativ'ii routine tSinith W5V The algoriiiini translates image CvX'rdinates t, pixel, lines' to 
earth coordinates tlatitude. longitudei with a'Sfvct to the land feature. The images are then 
displased in tune lapse seipience on the tele\iSK>n iiu'intor. I ither the centrvMd or an identi- 
fiable point on the cloud that can K* seen on all image's (at least 3 images are used' are tracked 
subiectoeh b> a iiuning cursor or obiecti\el\ using .in image conelation mode Hie displace- 
ment of the cloud in earth coordinates divided b\ the tune interval K'tween images gives the 
wind vekvitv . 
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Other options in the Ml- I l’AK software package varies the spetial resolution of the image 
and determines cloud lieight. Tlie cloud height is calculated by estimating the cloud optical 
thickness for the ol>scrvcd cloud brightness and the iid'rared emissivity using Kirchoff’s law. 
riie cloud optical thickness is calculated by a multiple scattering program designed for the 
MclDAS at the University of Wisconsin (Smith U)75). The emissivity and the percent of 
cloud coverage as obtained from the visible image arc used to determine the cloud top tem- 
perature. The cloud top is then estimated using the standard atmosphere corrected for 
latitude and date, fhe cloud lieight was used to assign the level for which the clouds were 
tracked. Clouds above the 350 mb level were assigned to the upper-troposphere while those 
below 700 mb were accepted as low tropospheric clouds except near the center of tropical 
cyclones. The few clouds found between these levels were not traced. 

The spatial and temporal resolutions that were used for clouds tracked for both the lower 
and upper troposphere for each of the five tropical cyclones are listed in Table 1 . I ime of 
observation du'^ing the daylight hours was approximately between 1300 to U)(J0 (IM 1. 
Visible images (designated by V in table) were primarily used to track clouds at both levels; 
however, the infrared (designated by IR in the table) was used to track upper tropospheric 
clouds for tropical cyclone I loise in a simulation of nightime coverage. 
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11k* rosults from tlio SMS-2 im.ipos of tropical cycli>iu's I loiso aiul C'ari'lino arc proscntcil in 
lahlos 2 throuj:li 5. I os\ iroposphoric cU»iuls were traekevl Tim both tropical csclones iisin>i 
at least successive visible imajies with spatial resohitii>ns t>t" 1 , 2. aiul 4 km. The time 
intervals Ivtvveen im.iites were 7.5. I 5 aiul 50 minutes. No chnul element was tracked that 
could not be delineated m .ill images of each seijuence. 

Table 2 shows the number oT low tropospherii. clouds tracked lor hurricane Tloise at radial 
distances of 222.444.aiul I't'ti km Tii>m the center for a given sp.itial ami tempor.il resolution. 


T.ible 2 

Hurricane 1 loise 22 September H’75 
Number of 1 ow level Wiiul S ectors 


Dist.mce trom (’entei (km) 

0-222 

0-444 

()-(>(>(> 

.U) min 2 km S'ls 

0 

1 


1 km \ IS 

0 

1 

0 

1 5 mm 2 km S is 

0 

5 


1 km \ IS 

0 


H) 

7.5 min 4 km S'is 

4 

54 


2 km S'is 

4 

5S 


1 km S is 

4 

5S 

1 1‘) 


Improved tempor.il resv'lution subsl.inti.illv increased the number ot traceable low tropi's- 
pheric cloud elements. The shorter interval d.ita not I'lilv improveil the cloud tempor.il con- 
tiiuiitv . but also elimin.iled the ambiguitv c.iused In Ir.icking cloiul grow th rather Ih.in 
displ.icement. Trom the center out to (nn> km. the 7.5 minute mterv.il images increased the 
number of traceable cloud elements In more than .i T.ictor ot 10(5) over th.it ot the .H) 
minute t 15 minute) interval im.iges. Within 222 km t'rom the center. cKnid elements couKI 
onlv be trackevl using shorter interval images. 
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l i}'.uu'N I, .V .tnd \ illu\|i,ilo llu' tlislnlMilitMi aiul llio iiuinlvi ol wiuv! x^'vtv'iv I km 

iv'^v'lulu'H im.i^w at limo mtvMxaU \'l * I an«l Ut immitos. ios|s\ tn^'K Impioxv'kl 

lompoial iOM'luttx'n>> n»'t v»nl\ m^'tvMVvl tho mimivt ol uavx'aNv' v loiul oK'itti'nlv Imt also 
von\'»'io*l an vmu'Hi'v'un xxmJ txxosi m'lthxxv'Nt xxmvl •> J t km vouthoast oi thv‘ vi'utoi. xv\' I ic 
uiv' n vaiiNv'il b\ tiav'mv*. x'Unul x’.u'xxtit lalltv'i titait vli'uvl m\'lion and addv'd xxmd ml>'imaln'n 
xxnhm thv' v'x v- xxall 

Impu'xx'd Npaliai u'sv'lntiv'n. m ll\o v'I I Kmnv', vlid I'omMil thv' iiav kmp. ol small stiaiv' 
v'xmtnins oli'inonts m tlu' slaMo an xxv'si >»! tlu< »\'nloi and small x ammlns x'lonumts sxnitlt an»l 
v'ast v'l Ihi' vv'ntx'i \i spatial U'six|mtx»n »>ix'atxM titan I km. nv< allx'iitpt xxas maxU' ti' tiax k 
x'U'iivIs vMitsuU' titv' tavlnis »x| -M-l km lu'm thx' vontx'i x»l Inntu'anx' I Umsx> I ull iv'svdtitu'n 
tl kmIxisil'K' nna*vs xxxMx' als>' l»xtmvl It' I'v' nnpt'itant It'i liav kmx* Iv'xx lit'pt'spltoiu t K'Hils 
xxtiinn tlto xx'nttal vK'itso t'xx'u ast. wlttMx' titx' xlt'mis au tli'fit iilt It' tK'lmt'alt' l'»\anso I'l iliv> 
x'nuis.antl t'xt't ilto laiitl xxlit'ix' iht' t t'lnt'lnut's slt'xxtM mt'xni'' v K'litls ntt'Xv'tl U-ss than t'lu' 
li'lt'x isit'u tlisplax ptvt'l iismi’ lht‘ ' km antl -I km it-sv'lntit*n In nsm»‘ llto mli.nvtl imaivs 
lilllt' mlt'imalit'ii xxas t'l'iamot ;t'i liat m»' K'xxt'i v It'iuls x'XtMt at lull si'alial it st'Uilit'n 
I ixniiv's 1 antl ' ilhisualt' iht' tlisuil'iitit'n antl iht' nmnl't'i t'l \x nttl xt\ tt'is that au' tlt'tix x-tl 
lu'in ilu' tnt'iit'n v'l It'xx Iv'Xv'l vK'iitl t'lv'mv'nis at I km antl I km spatial ii'sttluiiv'n nsmy xisiHt- 
nnajvs at " •' nnmMv- mit'ixals 

X n uis V It'iivls xvv'ix' t'vammv'tl it'i Inniu aiiv' I K'lsv* nsm>' xisd'K' aiitl mliau'vl nnav\'s at ‘ '' aitvl 
'0 nmmtt' mlv'ixals I hv’ pni|S'sv' t'l r.sinv'. lltv’ mliau'tl ima>vs xxas it' vlt'itMinniv’ it lapitl sv an 
imavvs V t'lilvl Iv t'l anx moaU'i xahu' at ni^dtl lltan tlu- mmnU' mu'ixal nna>'v-s 1 l-.t- spatial 
iv'st'Uuit'ii tisv'tl It'i lltv' xisil'lv' aiitl tnliatx'vl iitta»vs xxv'tv' ' knt aitvl S kitt, u'spv'v iivv'lx \t> 
atlvliltt'ital mit't ntaliv'ii xxas t'I'iaiitv'vl xxltv'it luv ktitv' nppv'i iit'pt'spliv'iiv vlv'iitls I'x usmv' xisil'U- 
ittta'vsal I knt as V v'tttpaiv'vl it' ' km ix'st'ltilu'it 

lal'lt' I stinttnai t 'v's iliv' iv'stilis U'l lltv' Itiv'.lt v It'iivls Witlim (><>(< km lit'in lltv v v'itiv'i, appit>\ 
inta It'lx I tittv's as manx v It'iitK v t'tiKI I'v' 1 1 at kv'vl iisiitw' lltv' ' km u'sv'hiiiv'M xisd'K' as v t'nipau'vl 
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Jo ilu* S km u'M'lutii'n mtr.iivvl im.i^oi\, lluis. tiu' >inu tuio ot vUiun i'UhuIn is Ivst Jolrno.iiod 
witli 1 \I);Ik'i spaUil ivsv^lution mmI'Ic iiimiios. An w.in UniUkl \\Uh llw low Uv'posplu'iu’ v'Unuls. 
tlu' impivwoJ lompi'i.il iv‘sv'liiluM» .i.c.uiJ iUk'KMsOvI llu‘ mimbv'i ol li.uv.ibU' vloiul I'lcK.'iits 
V .*OMiU‘i.ibh jb\ .1 t.u toi ol (' m this i'.iM'V I'lkiuii's '' .mil S illusti.iU' ll\i' ilislnbulion 
.mil luimlvi ol wu\ils lli.il wi'u* iK'ioi’il liom li.ii km^ lu.uh i loiuls umui’ MsibU’ .mil mli.iioil 
lm.»»^'<.lt .mil .U) mmulo mti'ix.iK I Ik* l.ibli* .uul I iihiu'n >liow ih.n uMn>: low ii'Noliition 
ml'i.iri'il muiii's .11 nIioii mli'ix.ils gii'.ilh I'nli.iuii's llu’ immlvi ol li.Ui'.ibli' I'loiiJ cis’mi'nis, 
lluis mli.iu'il muiii's wouIUIk' moro \.iUi.ibU' loi mp.hl limo um' iI lluw wimo obl.mu'il mo«i' 
lii'iluonlK 

Oni* ol iho piobli'ms ih.il w.iM'Ui'oimU'ii’il m umu): lonivi mli'iv.il viNibU' .mil mli.ui'il im.tvvs 
lo li.u'k itiius v'louils. w.is ilii' .imbi^ml\ mlioiluiwl b\ li.iikmi: ilouil p.illi'ins ih.il won' 
ivpi'lilwi' l ot I'x.impli'. m 1 iimto .m mli.iioil im.i.co ol lumii'.mi' 1 loisv' ,n iJM 1 
.'soplombi'i llii'iv IS .1 ii'pi'liU\v' .s.iw-ioolli p.ilti'rn m llio wonIi'ih poilion ol iho ilotiil 

m.iNs iM'i'ii .iili.ii'oiii lo \ m ilio riptirr) l lus I'niiio p.iiK'iii w.is obsi'iNOil mo\mi’. noiihw.uil 
wlion shot l-mli'ix .il im.i.ci'i) w.is shown m .i limi'-l.ipso moilo NMion iho im.icoiN w.is sp.iooil 
.11 lon.uv'i pot toils 1 1.^ .mil .'0 mmiili's), iho iltivilion ol llio ilispl.ui'mi'iti .mil iho moiion w.is 
tiiii'i'rl.im. 

lii'pti'.tl I'Vilono C'.iioliiti' w.is I'v.mmii'il on .til lltioi' il.t\s hmhj; \tstbli' tm.igi's l.ibK's -1 .nnl 
.■s ili'Siiilv llio losiills lot li.ti km.c lowoi .iiiil iipivi lioposphi'i to lioitils lot Imiiii'.tni' l .nolnti' 
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Hurricane Caroline 40 Aiijiiist l‘>75 IKOOCiMI 
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Hurricane (’arolme 40 Auiiusl l‘>75 I.SOOCIM 1 
Nuinlu'r ol Hij;li 1 evel W nui N'eclors 
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on 40 Aufiust 1^)75. Results lor aiul Aujiusl were i|uite similar. l-or the lower tropos- 
plieric clouils oblameil liom tlie 7.5 mmule interval \isible images within 444 km railius Irom 
the center, the degr.ulalion m the spatial resolution Irom 1 to 2 km did not ilecrease the num- 
Ivr of wind veeli'is because only the larger cloud elements were traceable. Howe\er. at radii 
greater than 444 km. improved resi'lution did increase the number ol irac’able clouil elements, 
riiis w.is because the clouds to the west were over laiul and moved less than a televisioti dis- 
|ilay I'ixel per lime perioii in the 2 km resolution images. I 'sing visible images w !u>se inler\.ils 
w> •'e 40 minutes, low le\el cloiuls ovei land couhl not lx* Irackeil because ol the lack i>l lem- 
poiai •.■mlinuily. lmpni\ed tempor.il resohilii>n again subst.mti.illy mcreaseil the number ol 
Irace.ibie chnid elements by a lactoi v)| (> (less iliaii 2) lor 7.5 miiuile interval ini.iges as com- 
pared with 40 minute ( 1 5 minute) interral ini iges lor an .irea whose r.iilius was 0 (g> km liom 
the center. A lact* r oT 4 improvement was louiul using 7.5 minute mler\al visible im.iges 
over th.it of 40 minute lor tracking upi'cr tropospheric clouds. Because ol the smoother 
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northom lull' ol llolK woiv nol .in.iiI.iIMo. l i)!inv 1.' dolmiMlos .m .ium oI m.iMimim wiiuK 
(50 K.(n) lo (ho o.iNt of llio vviUoi olM.iiiu'il horn r.ipiil v'.m wliii h u'litN Ok' tiopio.il 

storm stall, s ivpoiloil by i\\*tMmaiss.iiK 0 aiiviatl. Hus \muiI masiimim \\.!^ not I'lisoi \ .'0 lii'in 
liu' .U> miiuilo mtor\al vlala 

Kai'ul scan images arc soon iVom tins v'l'soivalion of in'pioal nIoiiu llollv to Iv pailioulail\ 
\aluablo U'l ostimatmg llio lowoi tropospliono wiiul I'loKI noaioi lo tho oonloi in woakoi oi 
ilo\oli'p>''^ liopioal ONolonos wIuko uppoi luipospliono oIoiuIn aio not ilonso onoiigh ti' obsomo 
llio Un\oi lo\ol oiroiilation. I \on lor slrongiM iropioal on olonos llial lia\o a moio 0o\i lopoil 
high loNololoiul shiolil tho Iv'woi IropoNpIiorio wiiul liolvl sv>motimos oan Iv osliinaloil noar tho 
oontor. This was tiiio loi lu'pioal oyoh'iios I l»'iso aiul ('arolino It is h\ pi'lhosi/oil tlial somo 
iloop oomoolu'ii noar tlio stoim oonloi witli ‘.mail laloral aroa lianslalos witli tlio wiiul spooil 
at tho ohnul baso lo\ol, \ low I'l those liaoois appoainu’, as blight spi»is m tho upper oimis 
oNoroasi oan bo liaokoO using high rosoliitn'ii (both space aiul lempoial) imageiN Maritime 
traile oimuihis oloiuls (lops as high as 200 mbt have Ivon Ivviiiul liom aiioiall obseivalion ti' 
nunc \er\ neailj with the ambient llinv at the oloiul base illaslei <7.// .Mthoiigh (here 

IS no airorall venrioalion (hat ileep oonveolive oloiuls move with (he wiiui lli'w at oloiul base 
within a tioiMoal onoK'iio tv pe oiionlatu'ii. the small veitioal sheai aiul the huge iipwaul lhi\ 
ol angiilat nuvinenuim near the oenlei suggest that it inav happen (I lank Iv'evamine 

this lupot'iesis. wiiuls observoil liom the NO VA lesearoh aiiorall at an appii'siinale alliliule 
v'l I km oiilsule aiul .5 km insule the piinoipal oloiul shieUI loi hmiioane I loise ( '.'■1'' 0410 
('All aiul 25 Soplomboi l‘>'5i,aiul Uvi hnrrio.ine (’auvhne ( I (>.'4-25.'2 i IM 1 50 Vngnsi 
l‘>75i were ooinpaivO with oloiul ilerivovl wiiuls Some small blight oonveolive cells that 
peisistoil ilnring the time peiuul vveie iiseO ti' inloi low level wnuls neat the oenlei llowevei. 
the II anslalion ol inanv laigei bright o»Miveotive cells near the oenlei that nunoJ slowei than 
the wnuls was siispeoloO tv' be vine ti'oK'iul gii'wih lathei ih.m avlveolu’ii bv the wnul aiul 
vveie not iisovl I he results that are seen in I ignres 10 aiul I I sluwv that the v h'lul vleiivevl 
wnuls insivle aiul v'lilsule Ihe lu'pioal o\ oh'iie oloiul svsteni ov'inpaiovl loasonablv well with 
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26 October 1976 of Tropical Storm Holly 




aircralt nuMsuroil wiiuls j«ci ll»o saino arvM rolativo lo tho sti>rm I'ciUor even lliough Iho timos 
dit'lVivil by as much as (' hom-s. I hc col! trackoil near the conior of I loiso approvimaloil 
l U>iso*s maximum wiiiils (‘H) kt wiuil \ccu>i oasi-smUlioast of tlio cciilcr, I'iguiv 1 auil 2). No 
colls suitablo Tor trackiu>: ciniUl bo rouiul within SO km ol hurncano ('arolino’s contor. I ho 
avoraito dilToronco in absoluto spood ol winds <)blainod In tho two n\othods is appiviximaloly 
2.5 m soc lor oach storm. I onsidorm); tho timo dilToronco in tho moasuromonts. this rosult 
is no jiroator than would havo i>ccurrod if tho winds woro obtainod by .lircral't lor oach ease 
because of tho .oroat natural \ariabilit\ ol winds in tropical cyclones ((Jontr\ l'hi4). 

I his good agroomont Ivlwoon satellite aiul aircral t winds dil'tor t'rom tho tliulmgs i*l t'lcntiN 
i7 li/. ( I ‘>70) in which they tracked largo bright convoctivo colls near tho contor ol hurricane 
('iladys on 17 Octol or 1 ‘>(>S using tho 14 minuto uitor\al visible ini.igos Ironi tho Multicoloi 
Spin Scan rioiul C'amora on .M S-.v It was rouiul that those clouds imwod Ironi 1 lo 1 2 
ol Iho speed of Iho low level winds. I ho diiroronco ni.iv bo altribulod the anibiguitv 
causoil In cloiul growth when tracking l.irgo colls using 4 km visible ivsohilion mi.igcs at ,i 
1 4 minuto imio interval. 

K.ipul sc.in t.)-niinulo inlorval) I'ull resolution tU)l S-1 data tor tropic.il cv clone \nila vm 5U 
and 0 1 August and 1 .Si'plomlvr l‘>77 at approxim.ilclv 1(>00 lIM 1 wore used lv> derive wiiul 
I'iolds lor both tho cK'ud b.iso and the upper troposphere. \l the lovvoi tropvisphoric level ,i 
rcprosenlativo wind I'iold was obtained I'Ulside the central ilonsc vnercast. Within the cenli.il 
ilciise overcast, there wore lU' low cloiul elements that could be tr.iccd. I'lgurc 14 shows an 
image »vl lii'pical sioini Anita l\'i l(>0l) llM I I \ugust l‘>77 logolhor with the doiived 
Unver tropospheric wind liehl. Iho vocivvr length ivpresonis cloiul speed while the vecivu 
depicts tho diroclu'ii ol cUmuI nu'tion (the vectiM .it the conler »'l \nila locates the center vvl 
the sit'rni). I'roin this I'igurv’ one can detect the diivclion.il convergence southwest ol Iho eve 
A s|ved maximum of 40 kiu'ls is west and sivuth ol the eve. Wiiuls nic.isuroil bv the NO \ \ 
rcsoarch aircr.iri were conip.irod with the s.iiellite derived lower Iroposphoiic wiiuls where 
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l ijiiirc 14. \'isihlo Imajic ol I ropical Storm Anita 1 (>00 (.IM I 3 1 Aiiinist l‘>77 l oeotlKT 
with tho Kapul Scan (.^ Minute lntcr\ ah Satollito l)cri\oil lower rropos|4ierie 
Wiiul I'ielil. \ eetor l enutli Kepresents (’loiul Speed W hile \ eetor hireetion 
KeiMesents the Direetion the Cloiul is Mminu. \ eetorat Center 
l ocates the Center ol the Sioim. 
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tiK'N ^-ouUI Iv m.itviK'il III Jimo .nut spaa*, l liis was on ol \ii»:unI I ‘>'7 al appu'\ima|rl\ 
1400 ('i\l I' wlu'ii tlk* aiivTall How nouiIiwv.^! Irom W'w i^rloans storm at an altitiulo 

of .5 km. I'ompaiison was niailo Ivtwoon .2^0 aiul 440 km lii'in tlio oontoi m the lU'itlioasi 
i|uailrant. KosuIin arc i igiiiv 15 wliou' a>*ain tlio asoiajk* OilioioiKV m ahsoluto s|voil ivp- 
rosontoJ In tlio two moilu'Os is appro\imaVM> 2.5 m soo. \ltlunii.'li tlu' acivomont lvtw».\Mi 
v.Knul motuMi aiul wiiul is iiov'il m tlu'sc vMsos. nu>iv cvonis that lia\o IvHh ia[' ' nan satollitc 
aiul aiuialt wnul vlaia aiv luwloO. 

\t tlu' np|vi iiv'iH'splKMio Unol, triiMiiv I(>t limitv'O s^an Jata aijam auloO m ohtainmj’a ivp- 
ivsontatiNO wiiul lioM. t'liriis oUmuIs k.oi.Kl Iv usoO A tiavU’is both vnilsuU* aiul witlun tlio 


sU'iitral vUmsv' vwouMst. 
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4. CONCLUSIONS: 


lligli spatial aiul temporal resolution vitellite imajiery makes it teasihle ti» proxiile a larpe mim* 

lier of lower aiul upper tropospherie winds w hieli can be obtained In tracking clouds within 

O* 

650 km ol‘ tri'iMcal c> clone centers. Up to 10 (5) times as many low le\el winds were derived 

from .mages spaced at 3 or 7.5 minute intervals as I'rom those at 30 minute ( 1 5 minute) inter- 
O 

\als. Greater space resolution is especialK important w hen the low level clouds are over land 

0 O 

or imbeiided in the dense high overcast near the storm center. As long as the clouds are over 
w.iter and removed Irom the high level clouds. 2 kni space resolution is adei]uate. Rapid nan 
lull u.solution inlrared aiul visible images minimi/ed the 'Vnoncous winds” derived bv irack- 
h'g cloud elements that propagate In growing on one side and dissipating on the other and by 
tracking reivtitive patterns that piiniiled ambigU' us indications of direction of movement. 

The higher temporal resolution alsi> made it possible to greatly increase the numlvr of trace- 
able upper tropivspheric cloud elements both during the day aiul night. W ith the rapid scan 
full resolution visible images it vvassomefimes possible to derive low level winds within the 
central dense overcast near the center of tropical cv clones. 

Short interval (7.5 minute or less) full resolution images (<s«2 km) make it feasible to prvnide 
manv of the wind il.ita not available from othei sources between 20'J and I 100 km from 
tropical c\ clone centers. I hese winds are urgentlv needed to initiali/ * d\ namical-numeiical 
nuulel predictions. This additional source of data cviuKl proviilc the input such that the numer- 
ical models will give improved f wceasts. 
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l'i}»uro 1. Low Lcvd VViiuls(iii kts) Derived Irom Cloud Movements between 3 Successive 
SMS-2 Pictures with 1 km Resrdution anil 7.5 Minute Intervals < 1842, 1850, 1857 (JM I ) 
22 Septemivr 1 975 of Hurricane Lloise. 

L'igure 2. Low Level Winds (in kts) Derived from Cloud Movements between 3 Successive 
SMS-2 Pictures with 4 km Resolution and 7.5 Minute Intervals! 1842, 1850, 1857 (iMT) 
22 September 1975 of Hurricane Lloise. 

I'ipure 3. Low Level Winds (in kts) Derived I'rom Clmid Movements between 3 Successive 
SMS-2 Pictures witii I km Resolution and 15 Minute Intervals ( 1 842. 1857, 19l2(iMI) 

22 September 1975 of Hurricane Lloise. 

Lii»ure 4. Low Level Winds (in kts) Derived from Cloud Movements between 3 Successive 
SMS-2 Pictures with 1 km Resolution and 30 Minute liitervals( 1820, 1850, l920(iM I ) 

22 Septemlx’r I 975 of Hurricane Lloise. 

L'igure 5. Hii>h l.evel Winds (in kts) Derived from Cloud Movements between 3 Successive 
SMS-2 Pictures with 2 km Visible Resolution and 7.5 Minute Intervals ( 1842, 1850. 1857 
CM D 22 Sejitember 1975 of Hurricane Lloise. 

Ligure b. High Level Winds (in kts) Derived from Cloud Movements between 3 Successive 
SVLS-2 Pictures with 8 km Infrared Resolution and 7.5 Minute Intervals ( 1 842, 1850. 1857 
(iM I ) 22 September 1975 of Hurricane Lloise. 

Ligure 7. High Level Winds (in kts) Derived from Cloud Movements between 3 Suecessive 
SMS-2 Pictures with 2 km \'isible Resolution and 30 Minute Intervals ( 1820, 1850. 1920 
CM D 22 September 1975 of Hurricane Lloise 
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2(> Ootolvr, ol 1 ropio.il Storm llolK . 
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('lOl S- 1 I’ll I 111 os with 1 km Rosolulioii .iiul Mmuto Inloix.ils t 1 542. 1545. 1 54s. 1 55 I r .M I ) 
2l' ('iMohor. l')'’li ol 1 iopio.il Storm llollx 

1 igiiro 14. \ isiblo Im.igo ol 1 ropio.il Sloi m \ml.i li>Ot)(IMl 51 August I’)""' logolhoi with 
tho K.ipiil So.m (5 Mmuto IntoiA.il) .S.itollilo Hot noil I owor 1 roposphorio Wiiiil I loU \oolor 
longlh Isoprosonts ('loiul Spooil Whilo Vootor Miioolioii Koprosonts tho Huoolion tho ( loiul 
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I ijuirc 15. Comi'arisiM) i>r\\iiuls IVriu'il I'lom Clinui Mv^tion Ivlwooii (\-.nsi\-iitiu* ('AM S-1 
Satcllito \ isihU* ImagciA at Mimilo liHorvals with Wiiuls Moasiiivil 4 ti' (> IIouia I ator In 
RoconnaissaiKO Aiivral't I 1> luj: at 540 and ‘>S0 Motors in Propioal ( \ olono Anita .'I Xn.onst 
1477. 

l iiinro In. Saino as I'ijniro 14 1 \oopt \ ootoi> Roprosont floiul Motion aiul Dirootion .it tlio 
Tpi'oi I'lopospliorio lovol. 
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